Chlorophyll, one of the major chloroplast components for photosynthesis, has a positive relationship with the photosynthetic rate. The chlorophyll content is an important assessment parameter in agronomy and plant biology research. This study was conducted to evaluate the natural variation in the chlorophyll content and to determine the differential response of the chlorophyll concentration to dark treatment in a natural population containing 139 maize inbreds. A five-fold higher chlorophyll concentration was measured in the light compared with the dark. Meanwhile, the wide variation in the chlorophyll concentration showed the differential response of the natural maize population to dark. Finally, we identified some inbreds that were highly sensitive to the dark with more than 70% difference between the light and dark treatment, such as Dan598, Zheng29, Zheng35, DH29, and R08, as well as some inbreds that had lower sensitivity to the dark, with less than 35% difference in the chlorophyll content between the light and dark treatment, such as Chuan48-2, 4F1, 303WX, 9642, and LY042.
Materials and Methods

Experimental Conditions and Treatments
The inbred maize lines were provided by the National Maize Improvement Centre of China [39] . Two seed replicates were germinated in petri dishes for 4 days and transplanted to enriched soil (light nutritional soil: vermiculite = 1:1) under the following growth conditions: light/dark: 10/14 hours; temperature: 25˚C; white light: 400 μmol•m −2 •s −1 . When the second leaf had emerged completely, one replicate was placed under light and the other was placed in the dark for four days. All the phenotypic data were collected after four days of dark treatment.
Phenotypic Determination and Analysis
When two leaves had fully unfolding, two types of methods were used for Chl determination before and after 4 days of dark treatment. The first method was the use of the SPAD-502 chlorophyll meter (Minolta Camera Co., Osaka, Japan) and the second was the chemical method in which Chl from the green part of three plants was extracted using 80% acetone and measured using spectrophotometer at wavelengths of 645 nm and 663 nm [40] . All data were analyzed by using SPSS v.19 software and the Microsoft Excel program, including basic statistics description, mono factor analysis of variance and Pearsoncorrelation. The relative contents of chlorophyll a, b and total chlorophyll (Tchl = Chla + Chlb) and Chla/b (Chla/Chlb) were calculated using the following equations [40] .
12.21 A 2.81 A V Chla mg g N 1000 W
20.13 A 5.03 A V Chlb mg g N 1000 W
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where A 645 = absorbance at 645 nm; A 663 = absorbance at 663 nm; V = solvent volume, W = fresh weight of the extracted tissue, N = dilution factor.
Results
Phenotypic Analysis
In general, there was wide variation in the SPAD value and the Chl concentration measured in the light and dark. Table 1) . For the Chla, Chlb, and Tchl concentrations, there was two-fold difference between the light and dark for the average values; however, a small difference was observed in Chla/b under light and dark conditions. The average Chla concentration was 0.57 mg/g (range = 1.03 mg/g) in the light, compared with 0.22 mg/g (range = 0.54 mg/g) in the dark. The variation of Chlain the population was more than ten-fold, and ranged from 0.18 -1. Table 1) . Under light conditions, a higher Chla percent was observed compared with a lower value under dark conditions. This indicates that the seedlings required the condition of a distribution in the Chla and Chlb concentrations to adapt to changes in the environment.
Correlation Coefficients between the SPAD Readings and the Chl Concentration
To explore the relationship between the SPAD readings and the Chl concentration, Pearson correlation coefficients were calculated for the different treatments as shown in Table 2 . For the SPAD readings, there was a highly significant relationship, with a value of 0.561, between the light and dark. However, no significant correlation was detected between the SPAD readings and the Chl concentration for the light or dark treatment. Furthermore, there was no significant correlation between the light and dark treatment for a particular Chl component, including Chla/b. Chla under light conditions was highly significantly positively correlated with Chlb (0.845), Tchl (0.973), and Chla/b (0.608), similar to the dark conditions. In addition, a highly significant positive relationship was also found between Chlb and Tchl, i.e., 0.944 and 0.949 under light and dark conditions, respectively. Chla/b had a highly significant positive correlation with Chla (0.608) but not with Chlb or Tchl under light conditions, and similar associations were observed in the dark. There was no significant difference in the chlorophyll components between the different treatments ( Table 2 ).
Difference in Chl Concentration under Light and Dark Conditions
The relative difference in the Chl content between the light and dark treatments was also analyzed for this population, as shown in Table S1 . It was found that the Top 10 least difference for Tchl was less than 35%, and the inbreds were Chuan48-2, 4F1, 303WX, 9642, and LY042. However, the difference between the Chla and Chlb contents was less than 40%. Therefore, we considered that these inbreds could be insensitive to dark treatment. On the other hand, it was determined that the inbreds Dan598, Zheng29, Zheng35, DH29, and R08 obtained the Top highest difference percent of more than 70% for Tchl and Chla, and a difference percent of more than 60% for Chlb. Compared with Chlb, Tchl and Chla showed a more rapid degradation under dark treatment, which suggested that these inbreds might be highly sensitive to dark treatment.
In particular, there was a miniscule increment in Chla in inbreds 4F1 and 9642, with a small decrease in Tchl and a higher decrease in Chlb. Meanwhile, there was a small increment in Chla in inbred 303WX, which exhibited a 15% decrease in Chla and a 7% decrease in Tchl. This result verified that the mode of transition between Chla and Chlb during the dark treatment differed between individual inbred lines (Table S1).
Discussion
A significant relationship between SPAD readings and the Chl concentration was determined by using chemical extraction in a previous report [41] ; however, this relationship was not significant in the current study. It was possible that a different leaf part was used for the chemical extraction. In this study, which was in contrast to previous reports, only the middle section of the first leaf was measured by using the SPAD-502 meter, and all the green parts of the seedling were used for Chl determination. In other studies, however, the same part of the ear leaf was used to evaluate the Chl content.
According to differences in their Chl contents between light and dark, inbred lines were identified as sensitive or insensitive to dark. Inbreds such as Dan598, Zheng29, Zheng35, DH29, and R08 will be likely senescence rapidly under dark conditions, and Chuan48-2, 4F1, 303WX, 9642, and LY042 exhibit a stay-green phenotype with slow senescence in the dark. In addition, there were several inbred lines that exhibited a miniscule increment in one type of Chl but a decrease in another type of Chl and in Tchl. It can be concluded that the mechanism of transition between Chla and Chlb is different in different inbred lines under dark conditions. Contrary to our expectations, Qi319 was not identified as a stay-green inbred under dark induced-senescence at the seedling stage, although it was classified as a stay-green type at the mature stage according to reference [41] . We infer that the mechanisms in the maize leaf differ under natural and induced senescence. This is consistent with the conclusion from the differential expression analysis using transcription analysis [42] .
Conclusion
The amount of Chl in leaves varies and is affected by many factors. In this study, it was observed that the Chl concentration was five-fold higher in the light than in the dark, and inbreds that were sensitive or insensitive to dark treatment were identified according to their different response to dark. During the dark treatment, the transition between Chla and Chlb was different in the different inbreds. Moreover, a difference was observed between natural and induced leaf senescence in maize. Determination of Chl content can be used in many field studies, and its related research should be increased and performed for efficient use of Chl content. Table 1 . Descriptive statistics of traits for Chl content in inbred lines population. Significant at the 0.01 probability level. 
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